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FOREWORD 

This report  w a s  prepared by Allied Chemical Corporation 

under NASA Contract No. NAS 3-2564 and NAS 3-6298. The 

program was in i t i a t ed  and administered by L e w i s  Research 

Center, Liquid Rocket Technology Branch, Chemical Rocket 
Division. The project manager for the contract  w a s  
Mr. Theodore Male. 

The work w a s  performed by the Industr ia l  Chemicals Division 
of A l l i e d  Chemical Corporation a t  Morristown, New Jersey. 
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ABSTRACT 

General information covering chemical and phys ica l  p rope r t i e s  

as w e l l  as appearance, s o l u b i l i t y ,  and s t a b i l i t y  of  OF2 

a r e  reviewed. 

and proper c leaning and pass iva t ion  techniques are d i s -  

cussed. 

Compatible and non-compatible m a t e r i a l s ,  

Heal th  and f i r e  hazards,  OF2 t o x i c i t y  and phys io logica l  

e f f e c t s  as we l l  a s  f i r s t  a i d  are included toge ther  wi th  

methods f o r  reducing hazards. Safety measures inc lude  

p r o t e c t i v e  c l o t h i n g  i n  a d d i t i o n  t o  f a c i l i t y  and personal  

s a f e t y  equipment. 

Decontamination methods t o  be used t o  n e u t r a l i z e  s p i l l s  

and l eaks ,  and the  d isposa l  of su rp lus  OF2 are discussed.  

The t r a n s f e r  and s to rage  sec t ion  includes materials, equipment, 

and procedures t o  be used f o r  OF2. The app l i cab le  l a w s ,  

marking and packaging procedures a r e  a l s o  l i s t e d .  Adequate 

re ferences  a r e  provided throughout t he  r e p o r t .  

v 



1. INTRODUCTION 

Oxygen d i f l u o r i d e  i s  a highly energe t ic ,  space 

s t o r a b l e  oxidizer  which possesses grea t  mer i t  as 
a rocket  propel lant .  

i t  i s  f i r s t  important t o  acquire  the  knowledge which 

w i l l  permit i t  t o  be used e f f e c t i v e l y  and s a f e l y .  

It i s  the re fo re  e s s e n t i a l  t h a t  a manual be a v a i l a b l e  

as a re ference  for  a l l  phases of'OF2 handling. 

To u t i l i z e  i t s  g rea t  p o t e n t i a l  

This oxygen d i f luo r ide  handling manual incorpora tes  

a l l  pe r t inen t  ava i l ab le  information so t h a t  i t  can 
serve  a s  a convenient guide f o r  OF2 handl ing proce- 

dures .  This repor t  i s  based on a review of  t he  

l i t e r a t u r e ,  discussions wi th  persons experienced 

i n  t h i s  f i e l d ,  and a l s o  draws upon Al l i ed  Chemical 

Corporat ion 's  own vast experience as a manufacturer 

and supp l i e r  of  t h i s  m a t e r i a l .  The s i m i l a r i t y  
between OF2 and f l u o r i n e  has l ed  t o  a review of 

acceptable  practices f o r  f l u o r i n e  handling. 

Pe r t inen t  information from t h i s  source has been 

included.  

1 
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2 .  GENERAL PROPERTIES 

Oxygen d i f l u o r i d e ,  OF2, i s  a powerful ox id i z ing  

agent which has been given s e r i o u s  cons idera t ion  

as a component of high-energy rocket  p rope l l an t  

sys t ems .  

which condenses t o  a p a l e  yellow l i q u i d  a t  -145.3OC. 

It reacts r e a d i l y  wi th  a major i ty  of  inorganic  and 

organic compounds wi th  high h e a t s  of r e a c t i o n .  

Such r eac t ions  are o f t e n  s u f f i c i e n t l y  e n e r g e t i c  

t o  cause i g n i t i o n .  

withmany f u e l s  and should be t r e a t e d  wi th  appro- 

p r i d t e  precaut ions.  

OF2 a re  shown i n  Table 1. 

Oxygen d i f l u o r i d e  i s  t h e  s i m p l e s t  and most s t a b l e  binary 

compound of  oxygen and f l u o r i n e .  

s imi l a r  t o  t h a t  of  f l u o r i n e  and t h e  halogen f l u o r i d e s .  

Although oxygen d i f l u o r i d e  i s  considerably more t o x i c  

than f l u o r i n e ,  chemically i t  i s  less reactive. Com- 

p a t i b i l i t y  s t u d i e s  have found OF2 t o  be less cor ros ive  

than f l u o r i n e .  Therefore materials, equipment and 

handling procedures t h a t  are s a t i s f a c t o r y  f o r  f l u o r i n e  

are general ly  equal ly  app l i cab le  f o r  oxygen d i f l u o r i d e  

It i s  a c o l o r l e s s  gas a t  ambient condi t ions  

Oxygen d i f l u o r i d e  i s  hypergolic 

Some phys ica l  p r o p e r t i e s  of  

I ts  behavior i s  q u i t e  



TABLE 1 

PROPERTIES OF OF:, 

Physical  P rope r t i e s  

Molecular Formula 

Molecular Weight 

Freezing Point 

Boi l ing Poin t  

Cr i t ica l  Temper a t u r  e 

Cr i t ica l  Pressure 

Crit ical  Density 

Vapor Pressure  

Density of Liquid 

Density of Gas 

Viscos i ty ,  l i q u i d  

Heat of Vaporization 

Trouton's Constant 

S o l u b i l i t y  i n  Water 

Heat of  Formation, gas 

OF2 
54.00 

-223.8"C (-371" F) 

-145.3" C (-230" E') 
-58,O"C (-72°F) 

48.9 atm. (719' p s i a )  

0.533 g/cc 

log  pm =7.2242-555.42 
TO K 

Range: -195°C t o  -145°C 

1.521 g/cc a t  i t s  normal 
b o i l i n g  po in t  

Reference 

1 

2 

3 

3 

2 

3 

Density =2.190-0.00523 T"K 3 

0.0021 g/cc a t  2 1 " ~  4 

Range: -145 t o  -153°C 

0.0023 g/cc a t  0°C 

0.2826 c e n t i p o i s e s  a t  -145.3"C 3 

log  n = 131.5-1.5768 

Range:-146." t o  -153°C 
T" K 

2.650 kcal/mol a t  -144.8"C 5 

20.65 5 
6.8 cc  gas per  100 cc of water 5 
a t  O"C, 11 a t m .  

A *;298 = +5.86* .17 kcal/mole 6 

3 



Chemical Properties 

Oxygen difluoride is almost as powerful an oxidizer as 
fluorine but generally requires a higher activation 
energy to initiate its reactions. Reactions between 
OF2 and oxidizable materials often have high heats of 
reaction and many such reactions reach ignition. 
oxygen difluoride is quite stable at ambient temperature 
and can be stored in proper containers for long periods 
without noticeable decomposition. 
water, O F 2  will hydrolyze slowly forming oxygen and HF. 
O F 2  is unstable at elevated temperatures, the decomposition 
rate is appreciable at approximately 2 5 O o C .  

dissociates into its constituent elements, oxygen and 
fluorine. Ice has been found to be shock sensitive 
in liquid OF2 and moisture therefore must be excluded 
from OF2 systems. 

Pure 

In the presence of 

The OF2 

Oxygen difluoride is not shock sensitive. 
tests using Trauzl block techniques, indicated OF2 

to be insensitive to shock at -196°C. (Ref. 7 )  
cylinder of liquid OF2 was subjected to gunfire which 
ruptured the cylinder but failed to detonate the OF2 

(Ref. 8). 
contract indicated that gaseous OF2 did not detonate 
or damage its container when it was instantly de- 
composed by thermal shock (Ref. 14). 

Sensitivity 

A ' .  

Investigations 'conducted under this 

4 
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3 .  

3.1 

Y 

MATERIALS 

Metals 

Many common metals and a l l o y s  have been found t o  be 

compatible wi th  oxygen d i f l u o r i d e .  The most widely 

acceptable  ma te r i a l s  are Monel, n i c k e l ,  s t a i n l e s s  

s t e e l s  (300 s e r i e s ) ,  copper, and aluminum. These 

ma te r i a l s  have proven t o  be s a t i s f a c t o r y  f o r  both 

l i q u i d  and gaseous oxygen d i f l u o r i d e  service. 

a c t u a l  choice of  ma te r i a l  should be governed by 

design requirements such as temperature,  p re s su re ,  

dura t ion  of exposure and flow v e l o c i t y .  

should a l s o  be given t o  weight requirements and 

economic f e a s i b i l i t y  before  s e l e c t i n g  a material 

f o r  a given s i t u a t i o n .  

Table 2 l i s t s  a l l  metals which have been used o r  

t e s t e d  f o r  OF2 serv ice .  

have been divided i n t o  t h r e e  broad ca t egor i e s :  

compatible, n o t  s u i t a b l e ,  and those  wi th  i n s u f f i c i e n t  

background d a t a  t o  make a f i rm c l a s s i f i c a t i o n .  

The 

Considerations 

For s i m p l i c i t y ,  t h e  m a t e r i a l s  

It should be noted t h a t  s e v e r a l  materials have been 

placed i n t o  two ca tegor ies .  For example, aluminum 

a l l o y s  and n i c k e l  are so  l i s t e d  f o r  dynamic service 

i n  l i q u i d  OF2. 

w i l l  no t  ignite o r  have a s i g n i f i c a n t  cor ros ion  rate 

under these  condi t ions.  However, under very high 

They are compatible inasmuch as they 

5 



flow v e l o c i t i e s  (300 f t . / s e c . ) ,  t e s t  o r i f i c e s  have 

shown some enlargement. The use of aluminum under 

dynamic condi t ions should t h e r e f o r e  be l imi ted  t o  

e i t h e r  l o w  v e l o c i t y  app l i ca t ions ,  as i n  pipe l i n e s ,  

and t o  s i t u a t i o n s  where a very s l i g h t  dimensional 

change can be t o l e r a t e d .  

therefore  not be recommended a s  o r i f i c e s ,  o r  valve 

stems and s e a t s .  On t h e  o the r  hand, ma te r i a l s  t h a t  

a r e  ra ted a s  s u i t a b l e  under s t a t i c  condi t ions can 

also be used under m i l d l y  dynamic condi t ions .  

These ma te r i a l s  would 

It mus t  be emphasized t h a t  t he  compat ib i l i ty  o r  

s u i t a b i l i t y  of any m a t e r i a l  w i t h  OF2 i s  contingent 

upon i t s  being properly cleaned and passivated 

p r i o r  t o  OF2 exposure. 

3 . 2  Non -Met a1 l i c  

3 . 2 . 1  P l a s t i c s  

The performance of p l a s t i c  m a t e r i a l s  i n  oxygen 

d i f l u o r i d e  s e r v i c e  has been e r r a t i c ;  P l a s t i c  

mater ia l s  should the re fo re  be used only f o r  l imi ted  

appl ica t ions  s ince  these  m a t e r i a l s  a r e  r e a d i l y  

a f fec ted  by OF2 under dynamic condi t ions .  

a l l  of the chemically i n e r t  p l a s t i c  ma te r i a l s  which 

have been t e s t e d  have been impact s e n s i t i v e  i n  l i q u i d  

OF2. 

Addi t iona l ly ,  

6 



TABLE 2 

COMPATIBILITY OF METALS WITH OF:, (REF.  7 to 13) 
Code: X = Compatible; NS = Not Suitable; - = Insufficient ‘Information 

Mat er ial 

Aluminum Alloys 
A1 1100 
A1 2014 
A1 2020 
A1 2024 
A1 2219 
A1 3003 
A1 5052 
A1 5154 
A1 5456 
A1 6061 
A1 7075 
A1 7079 
A1 7178 

Stainless Steels 
SS 301 (FH) 
SS 304 (FH 
SS 309 Cb 
SS 310 
SS 316 (A & FH) 

SS 410 
ss 347 (A & FH) 

PH-15-7 MO 
Maraging Steels 
AM 350 
AM 355 
AM 367 

Liau id  
Static Dynamic (a) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
NS 

X,NS 
X ,NS 
X,NS 
X,NS 
X,NS 
X,NS 
X,NS 
X,NS 
X,NS 
X,NS 
X ,NS 
X,NS 
NS 

X X 
X X 
X X 
X X 
X X 
X X 

X 
- 
- x( 1) 

X 
X 
X 

Gas 
Static Dynamic(a) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X - 

X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
- 
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TABLE 2 (cont inued)  

Materia 1 (a) 
Liquid Gas 

S ta t i c  Dynamic (a) Sta t i c  Dynamic 

Nickel A l l o y s  

Nickel 200,201,6 2 1 1  
Monel 400 
Monel K-500 
Monel, Cast 
Inconel  X 
Inconel  600 
Rene 41  
Hastel loy D 

Co pp e r A 1 l o  y s 

Copper 
Cufenloy 10 
Cufenloy 40 
Brass (70 - 30) 
Pho s phor Bronze 
Beryllium Copper (2% Be) 
Chromium Copper (1% C r )  

Magnesium Alloys 

Mg H-24 
Mg HM 2lA-T8 

Mg FS-1A 
Mg HK-31A 

Mg A231B 

( 3 )  

Titanium Alloys ( 3 )  
T i  A-11OAT 
T i  6 A1-4V 
T i  A-55 
T i  Bl20-VCA 
T i  16U-2.5 A 1  
Kentanium 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

, 
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TABLE 2 (continued) 

Mater ia l  

Miscellaneous 

Liquid G a s  
S t a t i c  Dynamic(a) S t a t i c  Dynamic(a) 

Tantalum X(2) - ( 2 )  

Mild  S t e e l  (1) (1)  

Tin NS NS 
Lead NS(2) NS(2) 

Columbium 
Brazed Monel 

X N S  
(b 1 X X 

Si lvered Sol  ed Monel (4 x X 
X X - - 

Welded Monel $3 
Platinum 

X 
NS 
X 

X 
X 
X 
X 
X 

x( 1) 

NS 
NS 

- 
X 
X 
X - 

(1) Not s u i t a b l e  f o r  cryogenic se rv i ce .  

(2) Impact s e n s i t i v e  i n  l i q u i d  OF2. 

( 3 )  Not a l l  the  l i s t e d  mater ia l s  have been t e s t e d  f o r  impact 
s e n s i t i v i t y .  Those t h a t  have been t e s t e d  and found not  
t o  be s e n s i t i v e  a r e  aluminum a l l o y s ,  s t a i n l e s s  s t e e l s ,  
copper a l l o y s ,  n icke l  a l l o y s  and columbium. I n  view of 
t h e  exhibi ted s e n s i t i v i t y  of those t i tanium and magnesium 
a l l o y s  t h a t  were t e s t ed ,  s i m i l a r  a l l o y s  a r e  suspec t .  

( a )  I n  excess o f  150 f t . / s e c .  
(b) Brazing Rod, Oxweld #25, Linde Corp. 

( c )  S i l v e r  Solder,  Rod #1801, Eutec t ic  Welding Al loys  Corp. 

(d) Monel F i l l e r  Metal 40 ,  I n t e r n a t i o n a l  Nickel.  

The t h r e e  c l a s ses  of p l a s t i c s  t h a t  appear t o  be most 

r e s i s t a n t  t o  OF2 a r e  l i s t e d  below i n  order  of pre-  

ference:  (Ref. 14) 
( a )  te t ra f luoroe thylene  (Halon TFE, Teflon TFE) 

(b)  ch lo ro t r i f luo roe thy lene  (Plaskon 2200, Kel F) 

( c )  f l uo r ina t ed  ethylene propylene (Teflon FEP) 

Specimens of these ma te r i a l s  have been t e s t e d  i n  

l i q u i d  OF2 under both s t a t i c  and dynamic condi t ions  

9 



and were not  chemically a f f e c t e d .  However, t h e s e  

mater ia l s  r e q u i r e  a r e l a t i v e l y  low i n i t i a t i n g  

energy t o  s t a r t  a r e a c t i o n  which could r e s u l t  i n  

the i g n i t i o n  and d e s t r u c t i o n  of hardware. 

r eac t ion  with s l i g h t  su r f ace  Contamination could 

provide t h i s  necessary energy. 

s a fe ty  when using plast ics  i s  unknown but obviously 

small. This f a c t  a lone  would i n d i c a t e  t h a t  p l a s t i c s  

should be avoided, e s p e c i a l l y  under dynamic condi t ions .  

I n  a c t u a l  f i e l d  s e r v i c e  t h e r e  have been numerous 

f a i l u r e s  of gaske ts ,  va lve  seats and O-rings 

fabr ica ted  of TFE, t h e  bes t  of t h e  p las t ics .  I n  

many ins t ances  t h e  p l a s t i c  has simply disappeared.  

The 

The margin of 

There are some a p p l i c a t i o n s ,  however, i n  which TFE 

has shown g r e a t  m e r i t .  

valve packing f o r  OF2 se rv ice .  Extensive use as a 
pipe thread compound has shown TFE p ipe  t ape  t o  be 

s a t i s f a c t o r y  f o r  t h i s  a p p l i c a t i o n .  One l aye r  of 

tape should be wrapped t i g h t l y  around a l l  but t h e  

f i r s t  two male threads  of  t h e  member which i s  t o  be 

connected. When TFE i s  used as a va lve  packing, 

care  must be taken t h a t  t h e r e  are no leaks  ac ross  

the packing. 

requi re  cons tan t  a t t e n t i o n  t o  prevent l e a k s ,  e s p e c i a l l y  

i f  t h e  va lve  i s  cycled f requent ly .  

It i s  t h e  only acceptab le  

# 

TFE cold flows and packing glands 

10 



3.2.2 

While s e v e r a l  other  plastics have appeared t o  be 

res is tant  t o  OF2 on t h e  basis of s h o r t  term s t a t i c  

tes t s ,  the  use of p las t ics  o t h e r  than  the  t h r e e  

recommended c l a s ses  i s  t o  be avoided. For example, 

Kynar which appeared t o  be unaf fec ted  by l i q u i d  OF2 

i s  so severe ly  embri t t led a t  cryogenic temperatures 

as t o  be worthless.  Viton 7250, as another  example, 

w a s  r e l a t i v e l y  unaffected by l i q u i d  OF2, but showed 

a very s i g n i f i c a n t  a t t a c k  i n  OF2 gas at  room temperature 

(Ref.14). As a f u r t h e r  precaut ion ,  i t  should be 

remembered t h a t  a p l a s t i c  t o  be used i n  OF2 systems 

must a l s o  have r e s i s t a n c e  t o  f l u o r i n e  s i n c e  i t  w i l l  

be i n  contac t  with t h i s  gas when t h e  system i s  

pass iva ted .  This f a c t  a lone  precludes t h e  use of  

many plastics which might otherwise have been given 

a d d i t i o n a l  cons idera t ion .  
. .  

Miscellaneous 

There a r e  a few o ther  non-metal l ic  m a t e r i a l s  t h a t  

appear t o  be r e s i s t a n t  t o  OF2. 

p r o p e r t i e s  of these materials . r e s t r i c t  t h e i r  use  t o  

l imi t ed  app l i ca t ions .  

(a) Pyrex g l a s s  - r e s i s t a n t  t o  both l i q u i d  and 

Again, t he  p a r t i c u l a r  

gaseous OF2 up t o  200°C. 

01) - This inc ludes  materials 

such as alundum and sapphi re .  

Fused Si07 - Quartz. 

(d)  Fused metal  oxides and f l u o r i d e s  - cermets. 
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(e) Ceramics 
( f )  Permatex #2 - P i p e  thread compound f o r  gaseous 

s e r v i c e  a t  ambient temperatures.  

(8)  Fused carb ides  - Norton's Norbide (B4C) and 
Titanium Carbide cermet. 

Other non-p las t ics  should not  be used without t e s t i n g .  

Graphite, f o r  example, i s  shock s e n s i t i v e  i n  l i q u i d  

OF2 and explodes v i o l e n t l y .  

3.3 Cleaning 

3.3.1 Metals 

It i s  extremely important t h a t  a l l  ma te r i a l s  t o  be used 

i n  OF2 s e r v i c e  must be c a r e f u l l y  and thoroughly cleaned,  

and f r e e  of su r face  contamination. Many system f a i l u r e s  

and i g n i t i o n s  have been caused by inadequate c leaning .  

The c leaning  procedure which follows i s  genera l ly  

appl icable  t o  a l l  metal  components: 

information may be found i n  References 7 ,  15 and 16) 

( a d d i t i o n a l  c l ean ing  

(1) All components should be as completely disassembled 

as i s  p r a c t i c a l .  

such a s  va lve  packings should be removed and cleaned 

s e p a r a t e l y  . 

Mate r i a l s  t h a t  a r e  non-metal l ic  

(2) G r o s s  contaminants such as g rease ,  o i l ,  b u r r s ,  scale,  

weld s l a g ,  f l u x e s ,  dyes, and o t h e r  fo re ign  ma t t e r  

should be removed by t h e  most appropr i a t e  c leaning  

technique. Acid soaks f o r  removal of s c a l e  and 

oxides ,  a l k a l i n e  washes o r  soaps f o r  t h e  removal 
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of  o i l s  and greases, and ab ras ive  t reatment  f o r  

su r face  stains a r e  suggested t rea tments .  The 

choice of the c leaning  ing red ien t s  should depend 

on i t s  compat ib i l i ty  wi th  t h e  p a r t i c u l a r  m a t e r i a l .  

Cleaning should be continued u n t i l  t h e  meta l  

a t t a i n s  a br ight  su r f ace .  The cleaned components 

must then be thoroughly r in sed  wi th  water t o  

remove any t r a c e  of t h e  contamination and c leaning  

agents .  

(3)  A l l  components should be cleaned by vapor degreasing 

o r  by sonic  washing i n  a de te rgent  s o l u t i o n .  The 

p a r t s  should then be c a r e f u l l y  r i n s e d  several t imes 

wi th  hot w a t e r ,  followed by r i n s e s  wi th  d i s t i . l l e d  

o r  ion ized  water.  

( 4 )  The water can be removed by washing wi th  a so lvent  

such a s  Genesolv D I ,  a mixture o f  65% Genesolv D 

and 35% isopropanol.  F ina l  r i n s i n g  i n  Genesolv D 

o r  similar so lvents  i s  followed by drying i n  a 

vacuum oven a t  approximately 150OC. 

of t he  component precludes drying i n  a vacuum oven, 

drying wi th  heated dry n i t rogen  may be s u b s t i t u t e d .  

I f  t h e  s i z e  

(5)  Unless t h e  components a r e  t o  be used immediately, 

t h e  cleaned and d r i ed  p a r t s  a r e  t o  be packaged i n  

c l ean  p l a s t i c s  such a s  Aclar o r  polyethylene.  Be 

su re  t h a t  the packaging materials a r e  equal ly  as 

c l ean  as t h e  components t o  avoid contamination. 

I f  aluminum f o i l  i s  used as a wrapping be c e r t a i n  

t h a t  i t  too is  c l ean  and o i l  f ree .  
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3 . 3 . 2  

It i s  highly advisable  t h a t  assembled systems 

be cleaned even though cleaned components have 

been used. P a r t i c u l a t e  mat te r  generated i n  t h e  

process of assembly may both contaminate t h e  

assembly and cause mechanical problems (Ref.10). 

The c leaning  of t he  assembled equipment can be 

accomplished by f l u s h i n g  wi th  a halocarbon so lvent  

such as Genesolv D u n t i l  t h e  spent  so lvent  i n d i c a t e s  

t h e  system i s  f r e e  of p a r t i c u l a t e  mat te r .  

f l u sh ing  i s  then followed by dry n i t rogen  o r  helium 

purging t o  remove t h e  so lven t .  

t h e  evacuation of  t h e  system ( t o  a t  l e a s t  l m m )  

and s e a l i n g  i t  o f f .  Should t h e  vacuum remain, i t  

i n d i c a t e s  t h a t  t h e  removal of s o l v e n t s h a s  been 

complete, and of course ,  t h a t  t h e  system i s  leak  

t i g h t .  

The 

The f i n a l  s t e p  i s  

A r i s e  i n  p re s su re  i s  a cont ra ry  i n d i c a t i o n .  

I f  t h e  system i s  such t h a t  t h e  so lvent  cannot be 

completely removed by purging o r  evacuat ion,  i t  i s  
b e t t e r  t o  o m i t  t h e  f lu sh ing .  I n  t h i s  event ,  even 

more c a r e  should be given t o  t h e  c leaning  of t h e  

components and t h e  succeeding assembly s t e p s  t o  

avoid contamination. 

Non-Metals 

P l a s t i c  ma te r i a l s  are no t  cleaned i n  t h e  manner t h a t  i s  

acceptable  f o r  metals. 

porous and have a tendency t o  absorb and hold c l ean ing  

so lvents .  These r e t a ined  so lven t s  may l a t e r  become 

P l a s t i c s  such as TFE are s l i g h t l y  
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sources of i g n i t i o n .  Therefore,  i t  i s  gene ra l ly  

p re fe r r ed  t o  wash p l a s t i c s  i n  soap and water. 

so lven t s  such as acetone are used it  i s  b e s t  t o  pro- 

v ide  a f i n a l  r i n s e  o r  a sonic  wash i n  a Genesolv D 

o r  similar high p u r i t y  so lven t .  

If 

Drying should be done i n  a vacuum oven t o  make c e r t a i n  

t h a t  a l l  solvents  have been desorbed. 

N i t r i c  ac id  washing of specimens of TFE, CTFE, and FEP, 

followed by water washes and so lvent  r i n s e  may a l s o  be 

used. 

s e v e r a l  hours. Specimens thus  cleaned were used 

success fu l ly  i n  dynamic tests wi th  l i q u i d  OF2 a t  

500 p s i g  ( R e f .  10) .  

The specimens are then vacuum oven d r i ed  f o r  

P l a s t i c s  r equ i r e  c a r e f u l  handling t o  avoid su r face  

sc ra t ches  and contamination. A f i n g e r p r i n t  on an 

otherwise c lean  p las t ic  su r face  may i n i t i a t e  i g n i t i o n .  

3 . 4  Pass iva t ion  

Af te r  a system has been thoroughly cleaned and d r i ed  

i t  i s  passivated wi th  f l u o r i n e .  

i n e r t  f l u o r i d e  f i lm which i n h i b i t s  f u r t h e r  a t t a c k .  

Pass iva t ion  should be considered a necessary and 

f i n a l  s t e p  i n  the c leaning  procedure s i n c e  i t  tends  

t o  des t roy  o r  i n e r t  any minute contamination t h a t  may 

have escaped the previous c leaning  s t e p s .  Under no 

circumstances can pass iva t ion  be used as a s u b s t i t u t e  

f o r  good cleaning. 

This produces an 
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Pass iva t ion  should always be performed wi th  f l u o r i n e  

even though t h e  sys t em w i l l  be used f o r  OF2 s e r v i c e .  

F l u o r h e y b e i n g  more ene rge t i c ,  w i l l  react r e a d i l y  

with both contaminants and hardware whereas OF2 may 

not .  

must be c lean  and d r y .  I€ p o s s i b l e ,  t h e  s y s t e m  should 

be evacuated t o  remove moisture.  I f  evacuation i s  not  

poss ib le ,  thorough purging wi th  d r y  n i t rogen  t o  remove 

all t r a c e s  of moisture  and so lven t s  i s  i n d i c a t e d .  

Fluorine gas i s  then slowly admitted t o  t h e  s y s t e m  

t o  e i t h e r  r e l i e v e  t h e  vacuum o r  d i sp l ace  t h e  n i t rogen  

u n t i l  t h e  f l u o r i n e  i s  q u i t e  concentrated.  A t  t h i s  

po in t ,  t h e  f l u o r i n e  pressure  i s  slowly increased  i n  

severa l  increments u n t i l  system pressure  o r  a minimum 

of 50 p s i g  i s  reached. 

holding t i m e  i s  somewhat dependent on t h e  system design.  

An i n t r i c a t e  system wi th  dead ends should be given a 
longer pas s iva t ion  per iod t o  a s su re  t h e  d i f f u s i o n  of 

the  f l u o r i n e  t o  a l l  u n i t s  of  t h e  sys tem.  Th i r ty  minutes 

i s  a minimum period f o r  pas s iva t ion .  

and higher pressures  are suggested i f  t h e  system i s  t o  

be used f o r  severe s e r v i c e .  The optimum procedure i s  

t o  pas s iva t e  a t  t h e  working pressure  of t h e  assembly. 

Before in t roducing  t h e  f l u o r i n e  t h e  system 

The a c t u a l  p re s su re  and t h e  

Longer per iods  

After t h e  system has been pass iva t ed ,  t h e  f l u o r i n e  i s  

vented and purged wi th  dry n i t rogen .  

should be kept on t h e  system u n t i l  i t  i s  t o  be used t o  
P o s i t i v e  pressure  



prevent t h e  inadvertent  entrance of moisture .  

Moisture can destroy t h e  pass ive  f i lm and i n  fact  

may g r e a t l y  increase  cor ros ion  by t h e  formation of  

HF ( R e f .  15) .  Remember t h a t  pas s iva t ion  of 

i nd iv idua l  components i s  n e i t h e r  necessary o r  

s a t i s f a c t o r y .  

performed on the  completely assembled system. 

Pass iva t ion  i s  p r a c t i c a l  only when 

4.  HAZARDS 

4.1 Health 

4 .1 .1 Inha la t ion  - Toxicity 

Oxygen d i f l u o r i d e  i s  extremely t o x i c  and t h e  i n h a l a t i o n  

of  t h i s  gas i s  to be avoided a t  a l l  t i m e s .  

th reshold  l i m i t  value of 0.05 pprn has been e s t a b l i s h e d  

by t h e  Nat ional  Academy of Science - National  Research 

Council Committee on Toxicology. It should be noted 

t h a t  t h i s  concentrat ion cannot be de tec ted  by s m e l l .  

The lower odor threshold i s  approximately 0 . 1  ppm 

al though 0.5 pprn can be d e t e c t e d  r e a d i l y .  

of  very d i l u t e  concent ra t ions  of  OF2 i s  not  too 

unpleasant and i s  somewhat l i k e  f l u o r i n e .  I n  g r e a t e r  

concent ra t ion  t h e  odor becomes f o u l  and d isagreeable .  

It has been reported t h a t  accommodation t o  t h e  odor 

occurs  r a t h e r  rap id ly .  This aga in  emphasizes t h e  

importance of leaving t h e  contaminated a r e a  when t h e  

odor i s  f i r s t  detected.  

The t e n t a t i v e  

The odor 
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The recommended emergency l i m i t s  f o r  OF2 exposure 

a r e :  (Ref. 1 7 )  

60 minutes - 0 . 1  ppm 

30 minutes - 0.2 pprn 

10 minutes - 0.5 ppm 

Unfortunately t h e  OF2 concentrat ion cannot be determined 

by odor and t h e r e f o r e  these  numbers a r e  merely s i g n i -  

f i c a n t  i n  t h a t  they emphasize t h e  hazard of OF2 

inha la t ion .  

Toxicity s t u d i e s  (Ref. 18) conducted wi th  ra ts  i n d i c a t e  

t h a t  a 50% m o r t a l i t y  can r e s u l t  from a 5 minute 

exposure t o  1 7  ppm o r  15 minutes a t  8 ppm of  OF2 i n  a i r .  

These exposures produced widespread lung damage. 

Respiratory d i s t r e s s  and death occurred wi th in  s e v e r a l  

hours and up t o  two days a f t e r  exposure. It should be 

noted t h e  t es t  animals displayed no evidence of i r r i t a t i o n  

during t h e  per iod of  exposure. 

i m p e r a t i v e  t h a t  a l l  i n h a l a t i o n s  o r  exposures t o  OF2 

should b e  repor ted  and t h e  v i c t im  should remain under 

competent medical superv is ion  f o r  a t  least  24 hours 

s ince t h e  r e s p i r a t o r y  e f f e c t s  may o f t e n  be delayed. 

It i s  t h e r e f o r e  

4 .1 .2  Skin Contact-Burns 

Contact w i th  e i t h e r  l i q u i d  OF2 o r  a j e t  of gaseous OF2 

may produce s e r i o u s  burns which resemble thermal burns.  

However, s i n c e  t h e  r e a c t i o n  o f  OF2 wi th  s k i n  and 

and t i s s u e  produces hydrogen f l u o r i d e  (HF) ,  t reatment  
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of burns must consider t h e  co r ros ive  e f f e c t  o f  t h e  

HF . 
Burns caused by lower concent ra t ions  of OF2 more 

c lose ly  resemble HF burns and are t r e a t e d  as such. 

It must be remembered t h a t  HF, l i k e  OF2, i s  i n s i d i o u s ;  

symptoms may not  develop f o r  several hours.  However, 

such burns are extremely p a i n f u l  and h e a l  slowly. 

4 . 1 . 3  Treatment 

4.1,3.1 Inha la t ion  

Any person who has been exposed t o  OF2 fumes should 

leave  t h e  contaminated area immediately. There i s  no 

s p e c i f i c  prophylact ic  t reatment  f o r  OF2 exposure. If 

t h e r e  i s  d i f f i c u l t y  i n  brea th ing  o r  any r e s p i r a t o r y  

d i s t r e s s ,  oxygen should be administered. The v i c t im  

should be taken t o  a m e d i c a l  f a c i l i t y  where accu ra t e  

diagnosis  can be made of any damage. It i s  important 

t h a t  t h e  p a t i e n t  should be observed f o r  24 hours s i n c e  

lung damage o r  other  symptoms may no t  develop f o r  many 

hours af ter  exposure. The medical t reatment  i s  then 

taken as t h e  symptoms i n d i c a t e .  

A s tudy of  eighteen OF2 i n h a l a t i o n  i n c i d e n t s  involv ing  

perhaps 25  persons ind ica t ed  t h a t  almost as many 

1 1  symptoms'' were reported.  

d i s t r e s s ,  which covers i r r i t a t i o n  and b rea th ing  d i f f i -  

c u l t i e s ,  o t h e r  reported symptoms were headache, 

s l eep iness ,  coughing, weakness, s o r e  t h r o a t ,  shor tness  

of brea th ,  d izz iness  and t h e  l i n g e r i n g  s l i g h t  odor of  

I n  a d d i t i o n  t o  r e s p i r a t o r y  
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OF2 f o r  many hours. 

developed pneumonia wi th in  24 hours a f t e r  exposure. 

He w a s  hosp i t a l i zed  f o r  an extended per iod before  

he f u l l y  recovered. 

does not  i n d i c a t e  any s e t  p a t t e r n  o r  c o r r e l a t i o n  of  

symptoms with one exception. 

headaches and each of t h e s e  a l s o  s t a t e d  they could 

smell OF2 f a i n t l y  f o r  several hours a f t e r  exposure. 

S i n c e  t hese  two i n c i d e n t s  were w e l l  i s o l a t e d  from 

each o the r ,  i t  would appear t h a t  t hese  may a l s o  be 

leg i t imate  symptoms o f  OF2 i n h a l a t i o n .  

I n  one case, t h e  chemist 

A review of  t h e  repor ted  symptoms 

Only two people repor ted  

4.1.3.2 Contact 

A l l  areas of t h e  body t h a t  have been contacted by OF2 
should be copiously washed wi th  water t o  remove a l l  

of t h e  contaminant. Flushing should be maintained f o r  

a m i n i m u m  of 15 minutes. Contaminated c l o t h i n g  should 

be removed during t h i s  per iod .  The treatment used f o r  

HF burns should be followed. This  c o n s i s t s  of t h e  

app l i ca t ion  of  iced  a k o h o l  o r  i c e d  aqueous qua ternary  

ammonium compounds, such as Hyamine, used as soaks o r  

compresses. 

e f f e c t i v e  f o r  t h e  t reatment  o f  second degree HF 

burns (Ref. 19).  

These t rea tments  have been e s p e c i a l l y  

The Hyamine s o l u t i o n  should be prepared i n  advance as a 

standard precaut ion when working wi th  OF2. 

i s  formulated as follows: Dissolve 2 grams of Hyamine 

1622 i n  a l i t e r  of Formula 46 a lcoho l  o r  i n  a l i t e r  

The s o l u t i o n  
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o f  d i s t i l l e d  w a t e r .  The p a t i e n t  should r ece ive  

competent medical a s s i s t a n c e  as soon as poss ib l e  

a f t e r  he has been burned. Subsequent t reatment  

should be administered o r  recommended by a physician.  

E a r l y  t reatment  may prevent s e r ious  consequences and 

a l l e v i a t e  t h e  extreme pain assoc ia ted  with HF burns.  

4 . 1 . 3 . 3  Eyes 

Special  a t t e n t i o n  i s  requi red  f o r  any a c t u a l  o r  

suspected OF2 contact  w i th  t h e  eyes. Liquid OF2 o r  

vapors may produce i r r e p a r a b l e  damage unless  prompt 

a t t e n t i o n  i s  given. The eyes should be f lushed  

copiously f o r  30 minutes wi th  c lean  water. The pa in  

of such i n j u r i e s  may cause t h e  p a t i e n t  t o  c l o s e  h i s  

eyes.  It  i s  imperative t h a t  t h e  eye l id s  be held a p a r t  

so t h a t  t h e  eyes and ad jacent  t i s s u e s  w i l l  be proper ly  

f lushed .  N o  medication should be appl ied  t o  t h e  eye.  

Hyamine soaks which a r e  recommended f o r  burns on 

o t h e r  p a r t s  o f  the body must - not  be used on o r  

about t h e  eye. An ophthamologist should be contacted 

immediately and any subsequent t rea tment  should be 

performed as he d i r e c t s .  

4.2 F i r e .  and ExDlosions 

Oxygen d i f luo r ide  i s  an extremely powerful o x i d i z e r .  

Therefore contact w i th  combustible m a t e r i a l s  w i l l  

cause f i r e s  and possibly explosions.  

s e n s i t i v e  and explosions the re fo re  must be t h e  r e s u l t  

of t he  r e a c t i o n  o f  OF2 and some highly ox id izab le  

m a t e r i a l s .  

OF2 i s  n o t  shock 
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I n  t h e  event t h a t  a f i r e  occurs ,  an  at tempt  should be 

made t o  shut  o f f  t he  source of OF2. 

t o  have remotely operated va lves  i n  t h e  system so t h a t  

t h i s  can be accomplished quick ly  and s a f e l y .  

s p i l l  o r  leak can be shut  o f f ,  t h e  f i r e  can be s a f e l y  

cont ro l led  wi th  conventional ex t inguishants .  Water 

spray deluge o r  fog  can be s a f e l y  app l i ed  t o  OF2 s p i l l s  

and f i r e s .  The r e s u l t a n t  HF formation as w e l l  as t h e  

t o x i c i t y  of t h e  OF2 must, however, be considered. 

Therefore,  personnel engaged i n  f i r e  f i g h t i n g  must be 

equipped wi th  s u i t a b l e  p r o t e c t i v e  c l o t h i n g  and adequate 

breathing apparatus .  

It i s  adv i sab le  

I f  t h e  

To minimize f i r e  hazards ,  t h e  f a c i l i t i e s  should be 

f r e e  of  combustible materials. Construct ion should 

be of f i r ep roof  materials and combustible materials 
must be avoided. 

The immediate areas should be f ree  of d e b r i s  and should 

not  b e  used t o  s t o r e  combustible m a t e r i a l s  o r  supp l i e s .  

Good housekeeping should be p rac t i ced .  

F a c i l i t y  cons t ruc t ion  should be aimed a t  conta in ing  o r  

r e s t r i c t i n g  the  OF2 i n  t h e  event of a l eak  o r  s p i l l .  

To t h i s  purpose, bar r icades  of concre te ,  c inde r  block,  

o r  metal should surround s t o r a g e  tanks and t e s t  f a c i l i t i e s .  

Spray heads o r  fog nozzles  wi th in  t h e  ba r r i cades  should 

be capable o f  remote a c t i v a t i o n .  

be sa fe ly  deluged i n  t h e  event of  a s p i l l  w i th  minimal 

danger t o  personnel.  

The area could then 
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5. 

5.1  

SAFETY 

Personnel Pro tec t ion  

A l l  personnel working with OF2 should be requi red  

t o  wear safety glasses  and neoprene gloves which 

provide minimal pro tec t ion .  

t h e  f a c i l i t i e s  containing l i q u i d  o r  gaseous OF2 a t  

e levated pressures ,  a s tandard face s h i e l d  should be 

worn. For repa i r ing  leaks o r  breaking i n t o  any 

system t h a t  contains o r  has contained OF2, a c l ean  

neoprene p ro tec t ive  o u t f i t  c o n s i s t i n g  o f  boots ,  gloves,  

f a c e  s h i e l d ,  j acke t  and t r o u s e r s  i s  requi red .  This 

o u t f i t ,  toge ther  with a suppl ied a i r  brea th ing  appara tus  

i s  requi red  when en te r ing  an atmosphere which conta ins  

d e t e c t a b l e  concentrations of  OF2 fumes. 

c lo th ing  should be loose f i t t i n g  and quick opening so 

t h a t  i t  can be shed r a p i d l y  i n  t h e  event i t  becomes 

contaminated o r  ign i ted .  

c l ean  and dry t o  minimize t h e  p o s s i b i l i t y  of i t s  

r e a c t i n g  wi th  OF2. 

completely s a t i s f a c t o r y  a g a i n s t  a j e t  of l i q u i d  OF2. 

Safety c lo th ing  should be considered only as s h o r t  

t e r m  p r o t e c t i o n  under emergency condi t ions .  The 

philosophy of p ro tec t ive  c l o t h i n g  has been w e l l  

s t a t e d  (Ref. 16):  "The use of p r o t e c t i v e  c l o t h i n g  

should be l imited t o  those  condi t ions  where i t  a f f o r d s  

p ro tec t ion .  

may provide a f a l s e  sense of s e c u r i t y ,  while  i n  f a c t  

being only a physical  hindrance.  

When working on o r  about 

P r o t e c t i v e  

P r o t e c t i v e  c l o t h i n g  must be 

No c l o t h i n g  can be considered 

Extravagant use of p r o t e c t i v e  c l o t h i n g  

I t  
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5 . 2  

5 . 3  

F a c i l i t y  P ro tec t ion  

The p ro tec t ion  o f  personnel  s ta r t s  wi th  t h e  proper 

f a c i l i t y  design. F a c i l i t i e s  should use  f i r ep roof  

cons t ruc t ion ,  and t h e  e l abora t e  use of bar r icades  

and similar devices  t o  c o n t r o l  and minimize t h e  

e f f e c t s  of any acc iden ta l  r e l e a s e s  of  OF2. 

areas  should be provided wi th  ex tens ive  exhaust 

f a c i l i t i e s  w i th  s u f f i c i e n t  c a p a c i t y  t o  preveat  t h e  

buildup of t o x i c  concent ra t ions  of OF2 i n  t h e  event 

of a minor leak .  Consideration should be given t o  

the loca t ion  of exhaust e x i t s .  Vents which cannot 

be decontaminated should be w e l l  e leva ted  t o  p e r m i t  

d i f fus ion  and d i l u t i o n  of t o x i c  fumes. The l o c a t i o n  

of vent  e x i t s  should a l s o  consider  t h e  a f f e c t s  of 

possible  contamination of ad jacent  areas. 

should a l s o  be equipped wi th  remotely c o n t r o l l e d  spray 

deluge systems so t h a t  r e s u l t a n t  f i r e s  can be r a p i d l y  

and s a f e l y  con t ro l l ed .  It i s  very important t h a t  a l l  

f a c i l i t i e s  b e  provided wi th  s e v e r a l  a l t e r n a t e  methods 

of e x i t  so t h a t  t h e  entrapment of personnel  i s  avoided. 

Enclosed 

F a c i l i t i e s  

Safety Equipment 

I n  a d d i t i o n  t o  t h e  convenient l o c a t i o n  of lockers  

containing p r o t e c t i v e  c l o t h i n g  and b rea th ing  appara tus ,  

sa fe ty  showers and eye wash s t a t i o n s  must be provided. 

Such f a c i l i t i e s  should be loca ted  near  enough t o  t h e  

work areas t o  be conveniently a c c e s s i b l e  t o  personnel  

working i n  t h e  area. However, they must a l s o  be 
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beyond t h e  reach  of contamination i n  t h e  event a 

gross equipment malfunction occurs .  Shower f a c i -  

l i t i e s  should a l so  consider  climatic condi t ions .  

The shock of  a f r i g i d  shower may put  an a d d i t i o n a l  

s t r a i n  on an already in ju red  person. 

tempered showers should be i n s t a l l e d  whenever poss ib l e .  

F i r s t  a i d  f a c i l i t i e s  should be convenient ly  placed. 

F i r s t  a i d  k i t s  should conta in  t h e  necessary supp l i e s  

f o r  HF burn"&eatment i n  a d d i t i o n  t o  t h e i r  normal 

ma te r i a l s .  

a v a i l a b l e  f o r  treatment of OF2 i n h a l a t i o n s .  

important t h a t  a l l  personnel working wi th  OF2 be 

aware of i t s  t o x i c i t y  and o the r  hazards and be w e l l  

t r a ined  i n  emergency procedures and t h e  fundamentals 

of f i r s t  a i d  f o r  OF2 exposure. Personnel should n o t  

work alone i n  OF2 f a c i l i t i e s  and should always obey 

a l l  s a f e t y  r u l e s  and r egu la t ions .  

Therefore 

Emergency brea th ing  oxygen should be 

It i s  

a 

F a c i l i t i e s  should be equipped wi th  alarm sys t ems  

such a s  b e l l s ,  horns, o r  l i g h t s  so t h a t  personnel 

may r ece ive  adequate n o t i c e  of any emergency. 

Hazardous t e s t  areas  should be proper ly  posted t o  

prevent t h e  entry of unauthorized personnel .  Fume 

de tec to r s  may be used t o  monitor remote loca t ions  

t o  give warning of leaks  and s p i l l s .  P a r t i c u l a r l y  

hazardous operat ions may be monitored by closed 

c i r c u i t  t e l e v i s i o n .  
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6 .  

6 . 1  

DECONTAMINATION AND DISPOSAL 

S p i l l s  

The most e f f e c t i v e  decontaminant f o r  l i q u i d  OF2 

s p i l l s  i s  a d i l u t e  aqueous s o l u t i o n  of ammonia. 

A 5% s o l u t i o n  appl ied  as a spray deluge i s  q u i t e  

e f f e c t i v e  i n  n e u t r a l i z i n g  t h e  OF2 vapors above t h e  

s p i l l  and does not  r e a c t  v i o l e n t l y  wi th  t h e  l i q u i d  

OF2. 

NQF. 

to a s p i l l ,  i t  i s  r e l a t i v e l y  i n e f f e c t i v e  as a 

decontaminant (Ref. 14) .  

The OF2 i s  converted t o  a r e l a t i v e l y  innocuous 

Although water deluge can be s a f e l y  appl ied  

Shower heads o r  spray nozzles  should be s t r a t e g i c a l l y  

placed so t h a t  t h e  e n t i r e  s p i l l  a r e a  can be deluged. 

The spray discharge deluge should be remotely opera ted  

manually o r  by automatic devices  a c t i v a t e d  by OF2 

s p i l l s  o r  f i r e s .  

r egu la r ly  and r o u t i n e l y  tes ted by a c t u a l  d i scharge  

t o  determine i t s  o p e r a t i o n a l  e f f e c t i v e n e s s .  

The spray  equipment should be 

Controlled Disposal 

Excess OF2 should be decomposed and converted t o  

innocuous compounds before  r e l e a s e  t o  t h e  atmosphere. 

Several  techniques have been developed f o r  t h i s  

purpose. 

i n t o  a charcoal  burner.  
Large q u a n t i t i e s  of OF2 gas can be vented 

6 . 2  
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The t o x i c i t y  of oxygen d i f l u o r i d e  precludes d i r e c t  

vent ing  i n t o  t h e  atmosphere whenever i t  can be 

avoided. There a re  s e v e r a l  techniques whereby 

waste OF2 can be decomposed and converted t o  

r e l a t i v e l y  innocuous compounds which can then  be 

vented.  

converts  most of  t he  f l u o r i n e  va lues  t o  CF4 which 

i s  i n e r t  and non-toxic. A r e f r a c t o r y  l i n e d  drum 

provided wi th  a water-cooled i n l e t  makes a sat is-  

f a c t o r y  charcoal  burner ( R e f .  14) .  A 500 cubic  

foo t  r e a c t o r  has been used t o  decompose f l u o r i n e  

( R e f .  16).  The un i t  could probably be used equal ly  

w e l l  f o r  t h e  decomposition of OF2. 

The r eac t ion  between OF2 and charcoa l  

Large q u a n t i t i e s  o f  OF2 can a l s o  be decomposed by 

vent ing  i t  i n t o  an a i r  d e f i c i e n t  flame fed wi th  

n a t u r a l  gas, methane o r  propane. Although HF i s  

one of t h e  r e s u l t a n t  by-products, t h e  use of an 

exhaust s t a c k  permits t h e  hot  gases t o  r i se  and 

r a p i d l y  d i spe r se  i n  t h e  atmosphere. 

HF contamination is  n e g l i g i b l e  compared t o  t h e  

danger of  vent ing t o x i c  OF2. 

The danger of  

Oxygen d i f l u o r i d e  can a l s o  be destroyed by burning 

i t  wi th  ammonia. One hundred pounds of  OF2 can be 

consumed per  hour i n  t h i s  manner. 

novel  d i sposa l  technique considered i t  t o  be very  

e f f e c t i v e ,  e f f i c i e n t  and economical. The method was 

found t o  be equally s u i t a b l e  f o r  f l u o r i n e  d i s p o s a l .  

The combustion of OF2 o r  F2 with ammonia a t  high feed 

rates i s  reported t o  be q u i t e  noisy.  

technique therefore  may n o t  be s u i t a b l e  a t  a l l  l oca t ions .  

The u s e r  of  t h i s  

This  d i s p o s a l  
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6.3 Equipment 

7. 

7 . 1  

Eguipment t h a t  has been used i n  OF2 s e r v i c e  o r  

exposed t o  OF2 vapors w i l l  be coated wi th  f l u o r i d e  

f i lms.  Such f i lms  r e a c t  w i th  moisture  and form 

HF. To avoid HF burns such equipment should be 

handled w i t h  rubber gloves.  

s a fe ly  and completely decontaminate t h e  equipment 

s o  t h a t  i t  can be s a f e l y  handled. 

Water washing w i l l  

TRANSFER AND STORAGE 

Mater ia ls  of Construction 

Although a g rea t  many m a t e r i a l s  are compatible wi th  

OF2 (Ref. Sect ion 3 ) ,  from a p r a c t i c a l  s t andpo in t ,  

construct ion m a t e r i a l s  a r e  gene ra l ly  l imi t ed  t o  a few 

c l a s ses  of a l l o y s .  

g r e a t e s t  r e s i s t a n c e  t o  a t t a c k  by OF2. 

best  a l l o y  i n  t h i s  c l a s s  and i s  acceptab le  f o r  a l l  

OF2 app l i ca t ions .  S t a i n l e s s  s t e e l s ,  however, a r e  

the most w i d e l y  used a l l o y s  f o r  OF2 s e r v i c e  and have 

general ly  been found t o  be as s a t i s f a c t o r y  as Monel. 

S t a in l e s s  s t e e l  a l l o y s  are chosen f o r  OF2 s e r v i c e  
because they a r e  more r e a d i l y  a v a i l a b l e  and more 

economical than Monel. Aluminum a l l o y s  are used 

whereiservice requirements are n o t  severe .  

weight  advantage of aluminum i s ,  of course ,  a s t rong  

f ac to r  i n  i t s  s e l e c t i o n .  Other m a t e r i a l s  t h a t  may 

be used f o r  OF2 f a c i l i t i e s  inc lude  copper,  copper 
a l l o y s ,  t i t an ium and magnesium. Since t i t an ium 

Nickel a l l o y s  have shown t h e  

Monel i s  t h e  

The 
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and magnesium a l loys  do show s l i g h t  impact s e n s i -  

t i v i t y  i n  l i q u i d  OF2, t h e i r  use i n  s ta t ic  a p p l i c a t i o n s  

such as s to rage  tanks i s  not  encouraged. Table 3 

l i s t s  var ious  components of an OF2 system toge ther  

wi th  s a t i s f a c t o r y  materials of cons t ruc t ion  f o r  both 

cryogenic condi t ions ( l i q u i d  and gas)  and ambient 

condi t ions (gas  on ly) .  

7 . 2  Equipment 

7 . 2 . 1  Valves - Liquid OF:, 

Annin valves  have been widely used f o r  l i q u i d  OF2 

s e r v i c e  and t h e i r  performance has been e x c e l l e n t .  

Generally,  1" valves wi th  s t a i n l e s s  s t ee l  bodies 

and copper s e a t s  are used, although Monel bodies 

have been selected when t h e  need f o r  a d d i t i o n a l  

s a f e t y  f a c t o r s  can j u s t i f y  t h e  e x t r a  c o s t .  

Teflon s e a t s  have been inves t iga t ed  but t h e i r  

performance has  been erratic.  The seats have o f t e n  

burned o r  simply disappeared. Copper s e a t s  on t h e  

o t h e r  hand have given exce l l en t  s e r v i c e  under very 

high pressures  and v e l o c i t i e s .  The model t o  be 

se l ec t ed  i s ,  of course,  dependent upon t h e  s e r v i c e  

requirements.  For  a l l  models, however, a bellows 

type s e a l  i s  prefer red .  Bellows of  Monel o r  

s t a i n l e s s  s t e e l  a r e  s a t i s f a c t o r y .  By back p r e s s u r i z a t i o n  

of t h e  bellows the  working p res su re  of  t h e  va lve  can 

be extended. Bellow va lves  have been used success-  

f u l l y  a t  1500 p s i  by t h i s  expedient (Ref. 10). 
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Valves s u i t a b l e  for  cryogenic s e r v i c e  o the r  than Annin 

7.2.2 

can, of course,  be used provided Chat they too fol low 

c e r t a i n  p r inc ip l e s :  

a )  The valve must have no p l a s t i c s  o r  elastomers t h a t  

can be contacted by OF2. 

b) Sea ls  a r e  e f fec ted  by metal gaske ts  and bellows. 

c) Valve cons t ruc t ion  should be such t h a t  i t  can be 
disassembled and thoroughly cleaned. 

d )  A l l  valves  must be capable of remote con t ro l l ed  

opera t ion .  

Some o t h e r  va lves  t h a t  have given s a t i s f a c t o r y  service 

i n  l i q u i d  OF2 a r e  Fu tu rec ra f t  N o .  30354, and 

Marotta Valve, Model MV510X. 

Valves - Gaseous OF2 

For gas phase se rv ice  many o t h e r  va lves ,  i n  a d d i t i o n  

t o  those s u i t a b l e  f o r  cryogenic service,have been 

s a t i s f a c t o r y .  Gas phase s e r v i c e  i s  he re in  construed 

as handling OF2 at  approximately ambient condi t ions .  

Typical valves used i n  such s e r v i c e  a r e  Hoke 343 and 

344 which employ a TFE packing. 

o r  s t a i n l e s s  s t e e l  a r e  both s a t i s f a c t o r y .  It should 

be noted t h a t  these HQke valves have t h e  packing beneath 

t h e  s t e m  th reads .  Valves wi th  th reads  below t h e  packing 

are not  s u i t a b l e  s ince  t h e  va lves  must be cleaned and 

f r e e  of  l u b r i c a n t  before  going i n t o  OF2 se rv ice .  

un lubr ica ted  threads g a l l  and s e i z e  and t h e  va lves  

become unusable. 

Valve bodies of Monel 

The 

Other va lves  recommended f o r  OF2 gas 

31 



serv ice  include Matheson type 940F, and Whittaker 

Valve No, 230105. Packless va lves  such as Nupro SS-BW, 

wi th  a welded bellows, as w e l l  as Hoke 440 and 470 
s e r i e s  bellows va lves  have a l s o  proven s a t i s f a c t o r y .  

Comparable va lves  employing t h e  p r i n c i p l e s  c i t e d  

above would a l s o  be acceptab le  provided t h a t  they too 

were completely cleaned and pass iva ted  before  going 

i n t o  se rv ice .  Las t ly ,  i t  should no t  be overlooked 

t h a t  bronze Chlorine I n s t i t u t e  va lves  have been s tandard 

equipment on OF2 cy l inde r s  s i n c e  A l l i e d  Chemical Corporation 

f i r s t  packaged t h i s  gas.  

7 . 2 . 3  Connections, Lines and F i t t i n g s  

Welded connections are t o  be p re fe r r ed  whenever p r a c t i c a l  

but are e s p e c i a l l y  important f o r  l i q u i d  OF2 dynamic 

serv ice .  

w i th  the  s e v e r i t y  of t h e  ope ra t ing  condi t ions .  

c losures  us ing  copper o r  aluminum gaske ts  may be used 

where f requent  and easy disassembly i s  requi red .  Copper 

gaskets up t o  10" diameter have been used wi th  complete 

s a t i s f a c t i o n .  However, gaske ts  have a tendency t o  l e a k  

when the system i s  cycled between ambient and cryogenic 

temperatures.  Constant p re s su re  checking is  t h e r e f o r e  

required.  Welded c losu res  e l imina te  t h i s  problem. 

Heliarc o r  i n e r t  gas welding i s  p r e f e r r e d .  

techniques should b e  used which w i l l  prevent t h e  formation 

of oxides t h a t  may subsequently react vigorously when 

exposed t o  OF2. 

The n e c e s s i t y  of  welding inc reases  d i r e c t l y  

Flange 

Welding 
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Brazing, and t o  a l e s s e r  ex ten t  s i l v e r  s o l d e r ,  a r e  

a l so  s u i t a b l e  methods f o r  e f f e c t i n g  l eak  t i g h t  con- 

nec t ions .  Fluxes used i n  t h e s e  processes ,  however, 

may produce hazardous r e s idues  which must be care-  

f u l l y  removed. 

Other c losures  and connections have been used success-  

f u l l y  i n  l i q u i d  OF2 s e r v i c e .  

up t o  1/2"  have been s a t i s f a c t o r y  a t  1500 p s i .  

Swagelok f i t t i n g s  have been used a t  1500 p s i g  f o r  OF2 

gas s e rv i ce .  

used  t o  a lesser ex ten t  i n  gas handling s e r v i c e  

genera l ly  a t  400 p s i  and less.  Parker AN f i t t i n g s  

have been s a t i s f a c t o r y  f o r  gas phase s e r v i c e  up t o  

1000 p s i .  

f i t t i n g s  depends upon exe rc i s ing  t h e  proper c a r e  i n  

assembly. 

properly.  

marks.  D e l l  s e a l s  over smooth f l a r e s  provide 

improved performance. 

Monel Swagelok f i t t i n g s  

Copper 

Copper F l a r e  f i t t i n g s  ( 4 5 " )  have been 

Successful s e r v i c e  from these  var ious  

When tubing must be f l a r e d  i t  must be done 

The tubing must be f r e e  of bu r r s  and d i e  

Lines and f i t t i n g s  a r e  gene ra l ly  f a b r i c a t e d  from 

s t a i . n l e s s  s t e e l  (300 ser ies) ,  Monel, n i c k e l ,  copper 

and aluminum. The choice of material i s  d i c t a t e d  by 

t h e  design condi t ions .  A l l  f i v e  m a t e r i a l s  have been 

s a t i s f a c t o r y  f o r  both l i q u i d  and gaseous OF2.1t cannot 

be over-emphasized t h a t  s a t i s f a c t o r y  performance 

depends on proper c l ean ing  and p a s s i v a t i o n  p r i o r  t o  

a c t u a l  use.  
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7.2.4 Metering 

The p re fe r r ed  devices f o r  t h e  metering of  l i q u i d  

OF2 are 400 o r  300 s e r i e s  Fischer-Porter  t u r b i n e  

type flowmeters.with s t a i n l e s s  s t e e l  vanes and 

bear ings.  P o t t e r  flowmeters, type  P7D o r  P3D 

with s t a i n l e s s  s t e e l  vanes and sapphi re  bear ings 

have a l s o  been s a t i s f a c t o r y .  

Pressure d i f f e r e n t i a l  c e l l s  have been used i n  con- 

junc t ion  wi th  o r i f i c e s  t o  measure flow. O i l  f i l l e d  

t ransducers  have been used as pressure  pickups but  

t he  p o t e n t i a l  hazard from an o i l  l eak  argues a g a i n s t  

t h e i r  use.  For metering OF2 gas a t  ambient temperature 

a pyrex rotameter  i s  q u i t e  s a t i s f a c t o r y .  Gross t r a n s f e r  

of gas from cyl inders  can be accu ra t e ly  measured from 

cy l inde r  pressure  drop s i n c e  OF2 c l o s e l y  fol lows i d e a l  

gas l a w s .  

7 . 2 . 5  Pressure Gauges 

Pressure gauges constructed wi th  welded Monel, s t a i n l e s s  

s t e e l  o r  bronze Bourdon tubes have a l l  given satis-  
f a c t o r y  service w i t h  OF2 gas.  

t h e  Bourdon tubes are LOX c lean  and pass iva ted  wi th  

It i s  imperat ive t h a t  

f l u o r i n e  before  being placed i n  OF2 s e r v i c e .  A 
gauge wi th  a Monel Bourdon tube has been used a t  

7000 p s i g  wi th  OF2. 

tubes have been used a t  2000 ps ig .  

Gauges wi th  s t a i n l e s s  s t ee l  
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7.2.6 Cryogenic Storage Vessels 

Storage vessels for  l i q u i d  OF2 must, of  course,  be 

f ab r i ca t ed  from mater ia l s  t h a t  a r e  s e r v i c e a b l e  a t  

cryogenic temperatures. Monel, s t a i n l e s s  s t e e l  

(300 s e r i e s ) ,  and aluminum a r e  t h e  b e s t  materials 

f o r  t h i s  s e r v i c e .  Although s e v e r a l  methods can be 

used t o  maintain the  OF2 as a l i q u i d ,  t h e  p re fe r r ed  

v e s s e l  c o n s i s t s  of t h r e e  concent r ic  s h e l l s .  The 
innermost s h e l l  contains  t h e  OF2 and t h e  middle s h e l l  

contains  a r e f r i g e r a n t  such as l i q u i d  n i t rogen  (LN2). 

The o u t e r  s h e l l ,  which can be m i l d  s tee l ,  i s  f i l l e d  

wi th  an i n s u l a t i n g  m a t e r i a l  and evacuated. 

r ep len i sh ing  t h e  LN2 as requi red ,  OF2 can be 

maintained as a l i qu id  i n d e f i n i t e l y .  

. ' 

By 

Well i n su la t ed  containers  equipped wi th  an i n t e r n a l  

r e f r i g e r a t i o n  c o i l  o r  an e x t e r n a l  condenser can a l s o  

be used f o r  cryogenic OF2 s to rage .  

7 .3  Procedures f o r  Transfer 

7 . ,3 .1  Liquid OF7 

The t r a n s f e r  of  l i qu id  OF2 can be r e a d i l y  accomplished 

by p res su r i z ing  the s to rage  tank wi th  helium. 

t h a t  t he  t r a n s f e r  l i n e s  a r e  proper ly  i n s u l a t e d  and t h e  

proper cryogenic type valves  are employed, t r a n s f e r  i s  

then simply a matter  of va lve  manipulation. 

precaut ion i t  i s  good p r a c t i c e  t o  provid2 double va lv ing  

f o r  a l l  operat ions involving t h e  t r a n s f e r  of l i q u i d  OF2. 

Provided 

As a 
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7.3.2 

Thus, i n  t h e  event one va lve  leaks o r  f a i l s ,  a leak  

or catastrophic s p i l l  can be prevented. I n  t r a n s f e r  

opera t ions ,  i t  i s  necessary t o  evacuate the  r ece ive r  

before admit t ing OF2. 

ni t rogen cooled r ece ive r s .  L iquid  a i r  i s  completely 

miscible w i t h  OF2 and w i l l  t he re fo re  a c t  a s  a d i l u e n t .  

To prevent t h i s ,  only helium, which i s  n e i t h e r  con- 

densable a t  LN2 temperature nor so luble  i n  OF2, should 

be used a s  a p re s su r i z ing  agent f o r  l i q u i d  05’2. 

A i r  w i l l  condense i n  l i q u i d  

Gaseous OF:, 

The t r a n s f e r  of OF2 from cy l inde r s  o r  s to rage  v e s s e l s  

i s  very simple. Cylinders can be manifolded i n  l a r g e  

numbers t o  supp ly  l a r g e  amounts of OF2. 

contains OF2 a t  400 ps ig .  

r ead i ly  accomplished a s  long a s  a pressure  d i f f e r e n t i a l  

ex i s t s  between cy l inder  and r e c e i v e r .  

being condensed ca re  must be exercised t o  prevent 

forming a vacuum i n  the  cy l inder  which could cause 

the suck-back of a i r  o r  m a t e r i a l  from the  system i n t o  

the cy l inder .  Moist a i r  i n  a cy l inder  o r  system would 
destroy the  pas s iva t ing  f i lm  and cause cor ros ion ,  and 

m u s t  be avoided a t  a l l  t imes.  

double valved and the  main cy l inde r  valve f i t t e d  wi th  

a device which w i l l  permit remote ope ra t ions .  

Each cy l inde r  

Therefore t r a n s f e r  can be 
. 

I f  t he  OF2 i s  

Cylinders should be 
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8. PACKAGING AND SHIPPING 

Oxygen d i f l u o r i d e  i s  packaged as a compressed gas i n  

seamless s t e e l  cy l inders .  The l a r g e s t  cy l inde r s  i n  

cu r ren t  u s e  are 10 5/8" ou t s ide  diameter and 55 1 / 2 "  

long, wi th  a t a r e  weight of approximately 195 pounds. 

This cy l inder  has a capac i ty  of 9 pounds of oxygen 

d i f l u o r i d e  gas  a t  400 ps ig .  A s i m i l a r  cy l inde r  of  

s l i g h t l y  smaller diameter has a capac i ty  of 6 3/4 pounds 

of OF2 a t  400 psig.  

cy l inde r  i s  approximately 145 pounds. 

have a s i n g l e  o u t l e t ,  valved wi th  a Chlorine I n s t i t u t e  

va lve  having a nominal 1.030" diameter l e f t  hand 

The t a r e  weight of  t h i s  smaller 

Both cy l inde r s  

ex te rna l  threaded o u t l e t .  A s u i t a b l e  adap te r ,  designated 

as F 70M, i s  a v a i l a b l e  from t h e  Matheson Co., I n c . ,  

E a s t  Rutherford,  New Jersey .  This u n i t ,  made of Monel, 

can be used w i t h  l ead  gaskets  where i t  s e a t s  onto t h e  

va lve  o u t l e t .  

a r e  a l s o  s u i t a b l e .  

Soft  copper and s o f t  aluminum gaske ts  

Oxygen d i f luo r ide  i s  shipped i n  DOT 3AA 1800 s t ee l  

cy l inde r s  as a "Flammable G a s - N  .O .S .'I 
t h e  DOT red  l a b e l  as w e l l  as t h e  manufacturer ' s  

(Al l ied  Chemical Corporation) l a b e l  which provides  

adequate pe r t inen t  precaut ionary information.  

I n t e r s t a t e  shipments of cy l inde r s  a r e  permit ted v ia  
t ruck ,  r a i l  and s h i p .  However, t rucks  a r e  t h e  usua l  

form of t r anspor t a t ion .  

secured during shipment t o  prevent f a l l i n g  o r  r o l l i n g .  

Cylinders bear 

Cylinders must be f i rmly  
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There a r e  no r e s t r i c t i o n s  on shipment o t h e r  than 

meeting the  necessary requirements f o r  t r a n s p o r t i n g  

a r e d  labe led  cy l inde r .  

Oxygen d i f l u o r i d e  can a l s o  be packaged and t r a n s -  

ported as a l i q u i d  i n  r e f r i g e r a t e d  tanks i f  l a r g e  

q u a n t i t i e s  a r e  r equ i r ed .  

Additional information a s  t o  c o s t  and a v a i l a b i l i t y  

should be obtained from t h e  I n d u s t r i a l  Chemicals 

Division, Al l ied  Chemical Corporation, t h e  only l a r g e  

producer and supp l i e r  of oxygen d i f l u o r i d e .  
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New Mexico 88300 A i r  Force Systems Command 
At ten t ion :  Library  United,  S t a t e s  A i r  Force 

Research & Technology Divis ion  

RRRRD Wright-Pat terson AFB, Ohio 45433 
A t t e n t i o n :  APRP (Library)  



A i r  Force Aero Propuls ion Laboratory 
Research & Technology Divis ion 
A i r  Force Sys tems  Command 
United S t a t e s  A i r  Force 
Wright-Pat terson AFB, Ohio 45433 
At ten t ion :  R .  Quigley 

A i r  Force Aero Propuls ion Laboratory 
Research & Technology Divis ion 
A i r  Force Systems Command 
United S t a t e s  A i r  Force 
Wright-Patterson AFB, Ohio 45433 
At ten t ion :  C.  M .  Donaldson 

Space Divis ion (1) 
Aerojet-General Corporation 
9200 East F l a i r  Drive 
E l  Monte, Cal i forn ia  91734 
At ten t ion :  Library  

Space Divis ion 
Aerojet-General Corporation 
9200 East F l a i r  Drive 
E l  Monte, Cal i forn ia  91734 
At ten t ion :  S. Machlawski 

Propuls ion Division (1) 
Aerojet-General Corporation 
P o  0. Box 15847 
Sacramento, Cal i forn ia  95813 
At ten t ion :  Technical Library  

2484-20156 

Propuls ion Divis ion 
Aerojet-General Corporation 
P. 0. Box 15847 
Sacramento, Cal i fornia  95813 
At ten t ion :  R.  S t i f f  

Aeronutronic Divis ion of Phi lco (1) 

Ford Road 
Newport Beach, C a l i f o r n i a  92663 
A t  t e n t  ion : Technica 1 Information 

Ford Corporation 

Department 

Aeronutronic Divis ion of Phi lco  

Ford Road 
Newport Beach, Cal i forn ia  92663 
At ten t ion :  D r .  L. H. Linder 

G a r r e t t  Corporation (1) 
A i re  search Divis ion 
Phoenix, Arizona 85036 
A t  t e n t  ion : Library  

G a r r e t t  Corporation 
Airesearch  Divis ion 
Phoenix, Arizona 85036 
At ten t ion :  R.  Bullock 

Ford Corporation 

G a r r e t t  Corporation 
Airesearch  Divis ion 
Phoenix, Arizona 85036 
At ten t ion :  J .  R.  Erwin 

G a r r e t t  Corporation (1) 
Airesearch Divis ion 
LOS Angeles , C a l i f o r n i a  90053 
At ten t ion :  Library  

G a r r e t t  Corporation 
Airesearch Divis ion 
Los Angeles C a l i f o r n i a  
At ten t ion :  Linwood Wright 

Brown Univers i ty  (1) 
Providence, R .  I. 02912 
At ten t ion :  Technical  Library  

Brown Univers i ty  
Providence, R .  I. 02912 
At ten t ion :  D r .  P.  F. Maeder 

Case Western Reserve Univers i ty  (1) 
100900 Eucl id  Avenue 
Cleveland, Ohio 44115 
At ten t ion :  Technical  Library  

Case Western Reserve Univers i ty  
100900 Eucl id  Avenue 
Cleveland, Ohio 44115 
At ten t ion :  D r ,  E. Rishatko 

Pennsylvania S t a t e  Univers i ty  (1) 
S t a t e  Col lege,  Pennsylvania 16802 
At ten t ion :  Library  

Pennsylvania S t a t e  Univers i ty  
S t a t e  Col lege,  Pennsylvania 16802 
At ten t ion :  D r .  M. Seoik 

Pennsylvania S t  a t e  University 
S t a t e  College,  Pennsylvania 16802 
At ten t ion :  D r .  J. W. H a l l  

Penn s y lvan i a  S t a t e Univer s it y 
S t a t e  Col lege,  Pennsylvania 16802 
At ten t ion :  D r .  B. Lakshminarayana 

Iowa S t a t e  Univers i ty  (1) 
A m e s ,  Iowa 50012 
At ten t ion :  Library  

Iowa S t a t e  Univers i ty  
A m e s ,  Iowa 50012 
At ten t ion :  D r .  George Serovy 

A i r  Products  & Chemicals Corp. (1) 
P. 0. Box 538 
Allentown, Pennsylvania 18105 

A i r  Products  & Chemicals Corp, (1) 
P. 0. Box 538 
Allentown, Pennsylvania 18105 
At ten t ion :  F. Hyman 

C a l i f o r n i a  I n s t i t u t e  o f  Technology (1) 
Pasadena, C a l i f o r n i a  91109 
At ten t ion :  Library  (Technical)  

C a l i f o r n i a  I n s t i t u t e  o f  Technology 
Pasadena, C a l i f o r n i a  91109 
A t t e n t i o n :  D r .  A .  Acosta 



Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 02138 
A t  t e n t  ion: Library  

Massachusetts I n s t i t u t e  o € Technology 
Cambridge, Massachusetts 02138 
At ten t ion :  D r .  R .  W. Mann 

Ford Motor Company (1) 
American Road 
Dearborn, Michigan 48127 

Ford Motor Company (1) 
American Road 
Dearborn , Michigan 48127 
A t t e n t i o n :  M r .  M. Ference,  Jr. 

Univers i ty  of Denver (1) 
Denver Research I n s t i t u t e  
P. 0. Box 10127 
Denver, Colorado 80210 
A t t e n t  ion: Secur i ty  Off i c e  

F a i r c h i l d  S t r a t o s  Corporation (1) 
A i r c r a f t  M i s s i l e s  Divis ion 
Hagerstown, Maryland 
At ten t ion :  Library  21740 

Research Center (1) 
F a i r c h i l d  H i l l e r  Corporation 
Germantown, Maryland 
At ten t ion :  Library  20767 

Research Center 
F a i r c h i l d  H i l l e r  Corporation 
Germantown, Maryland 
At ten t ion :  Ralph H a l l  20767 

General Dynamics/Convair (1) 
P. 0, Box 1128 
San Diego , C a l i f o r n i a  92112 
At ten t ion :  Library  

General Dynamics /Convair 
P o  0. Box 1128 
San Diego , C a l i f o r n i a  92118 
At ten t ion :  Frank Dore 

Missiles and Space Systems Center (1) 
General  E l e c t r i c  Company 
Val ley Forge Space Technology Center 
P. 0 .  Box 8555 
P h i l a d e l p h i a ,  Pa. 19101 
At ten t ion :  Librzry  

Missiles and Space Systems Center 
General  E l e c t r i c  Company 
Val ley Forge Space Technology Center 
P. 0. Box 8555 
P h i l a d e l p h i a ,  Pa. 19101 
A t t e n t i o n :  A .  Cohen 

- -  

(1) General E l e c t r i c  Company (1) 
F l i g h t  B q u l s i o n  Lab. Departmm t 
C i n c i n n a t i ,  Ohio 45201 
At ten t ion :  L i b r a r y  

General E l e c t r i c  Company 
F l i g h t  Propuls ion Lab. Department 
C i n c i n n a t i ,  Ohio 45201 
A t  t e n t  ion : D . Suichu 

General E lec t r ic  Company 
F l i g h t  Propuls ion Lab. Department 
C i n c i n n a t i ,  Ohio 45201 
At ten t ion :  Leroy Smith 

Hercules Powder Company (1) 
Allegheny B a l l i s t i c s  Laboratory 
P. 0. Box 210 
Cumberland, Maryland 21501 
At ten t ion :  L i b r a r y  

Honeywell, Inc.  (1) 
Aerospace Div is ion  
2600 Ridgeway Road 
Minneapolis,  Minnesota 55424 
At ten t ion :  Library  

I I T  Research I n s t i t u t e  (1) 
Technology Center 
Chicago, I l l i n o i s  60616 
At ten t ion :  L i b r a r y  

I I T  Research I n s t i t u t e  
Techno logy Center 
Chicago , I l l i n o i s  60616 
At ten t ion :  C .  K.  Hersh 

Kidde Aer-Space Div is ion  (1) 
Walter Kidde & Company, Inc.  
675 Main S t r e e t ,  B e l l e v i l l e ,  N.  J. 

07109 
Kidde Aer-Space Divis ion 
Walter Kidde & Company, Inc.  
675 Main S t r e e t  
B e l l e v i l l e ,  N .  J. 07109 
At ten t ion :  R .  J .  Hanvi l le  

Ling-Temco-Vought Corporation (1) 
P. 0. Box 5907 
D a l l a s ,  Texas 75222 
At ten t ion :  L i b r a r y  

Lockheed Missiles and Space Co. (1) 
P. 0.  Box 504 
Sunnyvale, C a l i f o r n i a  94087 
A t  t e n t  ion  : L i b r a r y  

Lockheed Propuls ion  Company (1) 
P. 0. Box 111 
Redlands, C a l i f o r n i a  92374 
A t  t e n t  ion: L i b r a r y  , 

Missiles and Space Systems Center Lockheed Propuls ion  Company 
General  E l e c t r i c  Company P. 0. Box 111 
Valley Forge Space Technology Center Redlands, C a l i f o r n i a  92374 
P. 0. Box 8555 At ten t ion :  H.  L .  Thackwell 
P h i l a d e l p h i a ,  Pa. 19101 
A t t e n t i o n :  F. Schul tz  



Marquardt Corporation (1) 
16555 Sa t icoy  Street  
Box 2013 - South Annex 
Van Nuys, C a l i f o r n i a  91409 

Marquardt Corporation 
16555 Sa t icoy  S t ree t  
Box 2013 - South Annex 
Van Nuys, Cal i forn ia  91409 
At ten t ion :  L. R .  B e l l ,  Jr. 

Aerospace Corporation (1) 
2400 E .  E l  Segundo Blvd.  
Los Angeles , Cal i forn ia  90045 
Attent ion: Library-Documents 

Aerospace Corporation 
2400 E .  E l  Segundo Blvd. 
Los Angeles, Cal i forn ia  90045 
At t en t  ion: J.  G .  Wilder 

Arthur  D. L i t t l e ,  Inc.  (1) 
20 Acorn Park 
Cambridge, Massachusetts 02140 
At ten t ion :  Library  

Arthur D. L i t t l e ,  Inc.  
20 Acorn Park 
Cambridge , Massachusetts 02140 
At ten t ion :  A .  C.  Tobey 

Astropower Laboratory (1) 
McDonnell-Douglas A i r c r a f t  Company 
2121 Paular ino  
Newport Beach, C a l i f o r n i a  02163 
At ten t ion :  Library  

ARO , Incorporated (1) 
Arnold Erg ineer ing  Development Center 
Arnold AF S t a t i o n ,  Tennessee 31389 
At ten t ion :  Library  

Susquehanna Corporation (1) 
A t l a n t i c  Research Divis ion 
S h i r l e y  Highway & Edsal l  Road 
Alexandria , Virgin ia  22314 
At ten t ion :  Library  

B a t t e l l e  Menmrial I n s t i t u t e  (1) 
505 King Avenue 
Columbus, Ohio 43201 
At ten t ion :  Report L i b r a r y ,  Room 6A 

Beech A i r c r a f t  Corporation (1) 
Boulder F a c i l i t y  
Box 631 
Boulder , Colorado 80301 
A t  t e n t  ion : Library  

Beech A i r c r a f t  Corporation 
Boulder F a c i l i t y  
Box 631 
Boulder , Colorado 80301 
At ten t ion :  Douglas Pope 

Be l l  Aerosystems, Inc .  (1) 
Box 1 
Buffalo,  New York 14240 
A t  t e n t  ion : Library  

B e l l  Ae,rosystems , Inc.  
Box 1 
Buffalo,  New York 14240 
At ten t ion :  T .  Reinhardt 

B e l l  Aerosystems , Inc.  
Box 1 
Buffalo,  New York 14240 
At ten t ion :  W .  M. Smith 

B e l l c o m  (1) 
955 L'Enfant P laza ,  S.W. 
Washington, D. C. 20020 
A t  t e n t  ion : Library  

Be l l c o m  
955 L'Enfant P laza ,  S.W, 
Washington, D. C .  20020 
At ten t ion :  H.  S .  London 

Boeing Company (1) 
Space Div is ion  
P. 0. Box 868 
S e a t t l e ,  Washington 98124 
At ten t ion :  L i b r a r y  

Boeing Company 
Space Div is ion  
P. 0. Box 868 
S e a t t l e  , Washington 98124 
At ten t ion :  J. D. Alexander 

Boeing Company 
Space Div is ion  
P. 0. Box 868 
S e a t t l e ,  Washington 98124 
At ten t ion :  C .  F. T i f fany  

Boeing Company (1) 
1625 K S t r e e t ,  N . W .  
Washington, D. C.  20006 

Boeing Company (1) 
P. 0. Box 1680 
H u n t s v i l l e ,  Alabama 35801 

Boeing Company 
P. 0. Box 1680 
H u n t s v i l l e ,  Alabama 35801 
At ten t ion :  Ted Snow 

Chemical Propuls ion Info.  Agency (1) 
Applied Physics  Laboratory 
8621 Georgia Avenue 
S i l v e r  Spr ing ,  Maryland 20910 

Chemical Propuls ion Info .  Agency 
Applied Physics  Laboratory 
8621 Georgia Avenue 
Si lver  Spr ing ,  Maryland 20910 
At ten t ion :  Tom Reedy 

Chrysler  Corporation (1) 
M i s s i l e  Divis ion 
P. 0. Box 2628 
D e t r o i t ,  Michigan 48232 
A t  t e n t  ion: L i b r a r y  

Chrysler  Corporation 
M i s s i l e  Divis ion 
P. 0. Box 2628 
D e t r o i t  , Michigan 48232 

: John Gates 



Chrys l e r  Corporation 
Space Divis ion 
P. 0. Box 29200 
New Orleans , Louisiana 70129 
A t  t en t  ion : L i b r a r i a n  

Mart in-Marie tt a Corporation (1) 
(Baltimore Divis ion)  
Ba It imore , Maryland 
A t  t e n t  ion : Library  

Denver Divis ion (1) 
Mart in-Marie t t a  Corporation 
P.  0. Box 179 
Denver , Colorado 80201 
A t t e n t i o n :  Library  

Denver Divis ion 
Mart in-Mar i e  t t a Corporation 
P. 0. Box 179 
Denver, Colorado 80201 
At ten t ion :  D r .  Morganthaler 

Denver Divis ion 
Mart in-Mar i e  t t a  Corporation 
P. 0. Box 179 
Denver, Colorado 80201 
At ten t ion :  F. R. Schwartzberg 

Orlando D i v i s  ion  (1) 
Mart in-Mariet ta  Corporation 
Box 5827 
Orlando, Floruda 32802 
At ten t ion :  Library  

Orlando Divis ion  
Mart in-Mariet ta  Corporation 
Box 5827 
Orlando, F lor ida  32802 
A t t e n t i o n :  J.  Fern 

Western Div is ion  (1) 
McDonnell Douglas A i r c r a f t  Co. , I n c .  
3000 Ocean Park Blvd. 
Santa Monica, C a l i f o r n i a  90406 
A t t e n t  ion: Library  

Western Div is ion  
McDonnell Douglas A i r c r a f t  Co. , Xnc. 
3000 Ocean Park Blvd. 
Santa Monica, C a l i f o r n i a  90406 
At ten t ion :  R ,  W .  H a l l e t  

Western Divis ion 
McDonnell Douglas A i r c r a f t  Co.,  Xnc. 
3000 Ocean Park Blvd. 
Santa Monica , C a l i f o r n i a  90406 
A t t e n t i o n :  G.  W .  Burke 

2 1203 

McDonnell Douglas A i r c r a f t  Corporation 
P. 0. Box 516 
Lambert F i e l d ,  Missouri  63166 
A t  t e n t  ion : Library  

McDonnell Douglas A i r c r a f t  Corporation 
P .  0. Box 516 
Lambert F i e l d ,  Missouri  63166 
A t t e n t i o n :  R .  A .  Herzmark 

Rocketdyne Div is ion  (1) 
North American Rockwell, Inc .  
6633 Canoga Avenue 
Canoga Park,  C a l i f o r n i a  91304 
At ten t ion :  L i b r a r y ,  Dept. 596-306 

Rocketdyne Div is ion  
North American Rockwell, Inc.  
6633 Canoga Avenue 
Canoga. Park,  C a l i f o r n i a  91304 
At ten t ion :  D r .  R .  J.  Thompson 

Rocketdyne Divis ion 
North American Rockwell, Inc.  
6633 Canoga Avenue 
Canoga Park,  C a l i f o r n i a  91304 
At ten t ion :  S.  F. I a c o b e l l i s  

Space & Information Systems Div . ( l )  
North American Rockwell 
12214 Lakewood Blvd. 
Downey, C a l i f o r n i a  90214 
A t  t e n t  ion : Library  

Northrop Space Labora tor ies  (1) 
3401West Broadway 
Hawthorne , C a l i f o r n i a  90250 
At ten t ion :  Library  

Northrop Space L a b o r a t o r i e s  
3401 West Broadway 
Hawthorne, C a l i f o r n i a  90250 
At ten t ion :  D r .  Will iam Howard 

Purdue ihiver s i t y  (1) 
Lafaye t te  , Indiana 47907 
A t  t en t ion : 

Purdue Univers i ty  
L a f a y e t t e ,  Indiana 47907 
At ten t ion :  D r .  Bruce Reese 

Rocket Research Corporat ion (1) 
Willow Road a t  116th S t r e e t  
Redmond, Washington 98052 
A t  t e n t  ion : Library  

Rocket Research Corporat ion 
Willow Road a t  116th S t r e e t  
Redmond, Washington 98052 
At ten t ion :  F. McCullough, Jr. 

Stanford Research I n s t i t u t e  (1) 
333 Ravenswood Avenue 
Menlo Park,  C a l i f o r n i a  94025 
At ten t ion :  L i b r a r y  

Stanford Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park,  C a l i f o r n i a  94025 
At ten t ion :  D r .  Gerald Marksman 

Thiokol Chemical Corporation (1) 
Reds t one Div is ion  
Huntsv i l le  , Alabama 35809 
At ten t  ion: L i b r a r y  

L i b r a r y  (Te chn i c a  1) 
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Thiokol Chemical Corporation 
Redstone Divis ion 
H u n t s v i l l e  , Alabama 35809 
A t  t e n t  ion : John Goodloe 

TRW Systems, Incorporated 
1 Space Park 
Redondo Beach, C a l i f o r n i a  90278 
Attent ton:  Tech. Library  

TRW Systems , Incorporated 
1 Space Park 
Redondo Beach, C a l i f o r n i a  90278 
Attent ion:  D. H .  Lee 

United A i r c r a f t  Corporation (1) 
Corporation Library  
400 Main S t r e e t  
East  Har t ford ,  Connecticut 06108 
A t  t e n t  ion:  L i b r a r i a n  

United A i r c r a f t  Corporation 
400 Main S t r e e t  
East  Har t ford ,  Connecticut 06108 
Attent ion:  D r .  David Rix 

Doc. Acquis i t ions  

United A i r c r a f t  Corporation 
400 Main S t r e e t  
East  Har t ford ,  Connecticut 06108 
Attent ion:  Erle  Martin 

United A i r c r a f t  Corporation 
400 Main S t ree t  
East  Har t ford ,  Connecticut 06108 
Attent ion:  Frank Owen 

United A i r c r a f t  Corporation 
400 Main S t r e e t  
East  Har t ford ,  Connecticut 06108 
Attent ion:  Wm. E.  Taylor  

United A i r c r a f t  Corporation (1) 
P r a t t  & Whitney Divis ion 
F lor ida  Research & Development Center 
P .  0. Box 2691 
West Palm Beach, F lor ida  33402 
Attent ion:  Library  

United A i r c r a f t  Corporation 
P r a t t  & Whitney Divis ion 
F lor ida  Research & Development Center 
P .  0. Box 2691 
West Palm Beach, F lor ida  33402 
Attent ion:  R .  J. Coar 

United A i r c r a f t  Corporation 
P r a t t  & Whitney Divis ion 
F lor ida  Research & Development Center 
P .  0. Box 2691 
West Palm Beach, F lor ida  33402 
Attent ion:  D r .  Schmitke 

United A i r c r a f t  Corporation (1) 
United Technology Center 
P .  0. Box 358 
Sunnyvale, C a l i f o r n i a  94038 
Attent ion:  Library  

United A i r c r a f t  Corporation 
United Technology Center 
P .  0. Box 358 
Sunnyvale , C a l i f o r n i a  94038 
Attent  ion: D r .  David Altman 

Vickers Incorporated 
Box 302 
Troy, Michigan 48084 

Vought Ast ronaut ics  
Box 5907 
Dal las ,  Texas 75221 
Attent  ion: Library  


